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Abstract. The cranial anatomy of a small carnivorous chiniquodontid 
cynodont from the Middle Triassic Chahares Formation of Argentina is 
described and figured; this new form is named Probainognathus jenseni. In 
addition to other advanced characters, Probainognathus has a definite jaw 
articulation, accessory to that of quadrate-articular, between squamosal and 
dentary. It is not improbable that the Chiniquodontidae lie close to and, 
perhaps, on the main evolutionary line leading to mammals. 

In a previous paper in this series (Romer, 1969b), I have 
described, as Probelesodon lewisi, a predaceous cynodont of the 
family Chiniquodontidae, and pointed out features which suggest 
that this Middle Triassic family, including the only known carniv¬ 
orous cynodonts of that age, may well represent the therapsid line 
leading toward mammals. I here describe a smaller contemporary 
chiniquodontid which is still further advanced in the presence of an 
incipient squamosal-dentary jaw articulation. This form may be 
formally described as: 

Probainognathus jenseni, gen. et sp. nov. 

Holotype. La Plata Museum 1964-X1-14-7, a skull and jaws. 
Collected from the Chahares Formation in La Rioja Province, Ar¬ 
gentina, about 3 km north of the point where the Rio Chahares 
debouches into the Campo de Talampaya. 

Combined generic and specific characters. A small chiniquo¬ 
dontid cynodont, mature specimens having an average basal skull 
length of about 71 mm. Seven cheek teeth of the type common in 
carnivorous cynodonts, the cheek teeth generally showing marked 
evidence of wear. The squamosal has a shallow but well-defined 
cavity for dentary and surangular articulation. 
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The generic name has reference to the advanced nature of the 
jaw articulation. The specific name is in honor of James A. Jen¬ 
sen, formerly of the Harvard staff, and now in charge of geologic 
and paleontologic collections at Brigham Young University; he 
served brilliantly as a collector on both Harvard expeditions to 
Argentina. 

Collection and preparation of this and other Chanares materials 
were supported by National Science Foundation grants GB-4615 
and 8171. 

The skull of this small carnivore (Figs. 1-3, 5, 6) is similar in 
nearly all regards to that of other members of the Middle Triassic 
family Chiniquodontidae, including the contemporary, newly des¬ 
cribed genus Probelesodon. Since I have described the skull of 
that form in some detail, Probainognathus may be somewhat more 
briefly treated by comparison with it. 

The size is relatively small; the average skull length (measured 
from the base of the premaxillary tooth border to the condyles) is, 
in a series of twelve skulls, 71 mm. The skull proportions are 
those of chiniquodonts in general, inherited presumably from the 
Thrinaxodontidae. The skull is proportionately broad, with a nar¬ 
row and relatively short face and a greatly expanded zygomatic 
region. The width across the zygomatic arches in Probelesodon is 
about 75 per cent of skull length, here nearly 80 per cent. A pro¬ 
portionate difference from Probelesodon lies in the deeper otico- 
occipital region, mainly related to greater depth of the parietals, 
and a higher occipital crest. In correlation with smaller size, the 
orbits are relatively larger (by about 20 per cent) than in Probele¬ 
sodon ; they appear to be directed somewhat more dorsally than in 
that genus. In Probelesodon the centers of the orbits are some¬ 
what back of the half-length of the skull; here they are somewhat 
anterior to this point. As in other chiniquodontids, there is a 
nubbin of bone projecting into the orbit from its anterior edge ex¬ 
ternal to the opening of the lacrimal duct. The sagittal crest ex¬ 
tends further posteriorly than in Probelesodon before cleaving into 
the paired occipital crests, giving a straighter posterior margin to 
the skull, as seen in dorsal view, and making the occipital region 
below the crests more concave. The braincase is relatively broader 
in the parietal region. 

The general pattern of the dermal roofing elements (Figs. 1,2) 
is similar to that in other chiniquodonts. The snout, as in other 
members of the family, projects well forward of the premaxillary 
tooth row; the processes of the premaxillae, ascending over the 
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Fig. 1. Dorsal view of the skull of Probainognathus. This and Figs. 
2-3, 5-8 are composites, about the size of the holotype. Abbreviations for 
Figs. 1-3 and 5-8: a , articular; an, angular; bo, basioccipital; bs, basisphen- 
oid and parasphenoid; c, coronoid; d, dentary; e , epipterygoid; /, frontal; fo, 
fenestra ovalis; i, jugal; //, jugular foramen; /, lacrimal; m, maxilla; n, 
nasal; oc, occipital complex; p, parietal; pap, paroccipital process; pi, pala¬ 
tine; pm, premaxilla; po, postorbital; pp, postparietal; ppf, pterygoparocci- 
pital foramen; pr, prootic; pra , prearticular; prf, prefrontal; pt, pterygoid; 
ptf, posttemporal fenestra; q, quadrate plus quadratojugal; sa, surangular; 
sm, septomaxilla; sp, splenial; sq, squamosal; st, stapes; t, tabular; v, vomer; 
V., + 3 , foramen for trigeminal nerve. 



Fig. 2. Lateral view of the Probainognathus skull. 
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external nares to be inserted posteriorly between the nasals, are so 
slender that the snout region has been broken off in many of the 
specimens. With snout loss, there is little available evidence as to 
the development of the septomaxilla. In the Brazilian chiniquo- 
dontids (Romer, 1969a), this element is highly developed; here 
the only remains preserved consist of a thin layer of bone lying 
along the posteroventral margin of the external nares, separated in 
part from the maxilla by a small foramen. 

The maxilla is slightly swollen in the area overlying the root of 
the canine, but this swelling is much less marked than in Probele- 
sodon. The suborbital arch swings upward from the line of the 
tooth-row much more markedly than in Probelesodon, in correla¬ 
tion with the more upward facing of the orbit here. The sub- 
orbital, postorbital, and zygomatic arch regions are similar to those 
in other chiniquodontids except that (partially in correlation with 
occipital depth) the zygomatic arch swings down posteriorly more 
sharply than is generally the case; notable is a marked ventral ex¬ 
tension of the squamosal at the posterior end of the arch. As in 
other chiniquodontids, the channel in the squamosal believed to be 
for the external auditory meatus is less developed than in cyno- 
gnathids and gomphodonts generally. 

As in other chiniquodonts, the palatine participates to a promi¬ 
nent degree in the formation of the secondary palate (Fig. 3), ex¬ 
tending back in this structure to the level of the back end of the 
tooth-row. Since, however, the tooth-row is here relatively short, 
the palatine contributes somewhat less than half the length of the 
secondary palate, whereas, in Probelesodon the palatine portion is 
somewhat longer than that contributed by the maxillae. The two 
tooth-rows curve only slightly outward posteriorly, in contrast with 
a much greater lateral curvature in Probelesodon , and hence the 
palate is relatively narrow. In correlation, presumably, with this 
constriction, the outer margins of the palatal surface, just inside the 
posterior cheek-teeth on the maxillae, are somewhat excavated to 
give room for the posterior lower molars when the jaws are closed. 
Beneath the secondary palate posteriorly, the roof of the primary 
palate is more highly arched than in Probelesodon. As in other 
chiniquodontids, the palatines send posteriorly long slender proc¬ 
esses along ridges converging backward from either lateral mar¬ 
gin of the secondary palate. Presumably a small ectopterygoid was 
present, but I have not been able to determine its boundaries satis¬ 
factorily. The posterior end of the vomer is visible above and 
posterior to the end of the secondary palate. Pterygoid flanges are 
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Fig. 3. Palatal view of the Probainognathus skull. 


well developed, but are not as elongate as in Probelesodon. Pos¬ 
terior to these flanges the two pterygoids constrict and embrace the 
base of the braincase for some distance, as well as running out for 
a short distance along the flange of the palatal structure extending 
to the quadrate region. The main substance of this flange, how¬ 
ever, is formed by the epipterygoid. 

The general region of the jaw articulation is of interest (Fig. 4). 
The stapes is absent in most specimens. In one, the basal portion 
is still present, inserted in the fenestra ovalis. The shape of the 
part preserved indicates that this ossicle was rather surely of the 
type seen in cynodonts generally, essentially a slender quadrilateral, 
with a large foramen, extending out to a contact with the quadrate. 
The squamosal, as in other chiniquodontids and in thrinaxodontids, 
is distinctly divided into two rami, occipital and zygomatic, with a 
narrow neck between the two. The occipital ramus forms the 
outer side of the posterior end of the sagittal crest and descends 
along the anterior surface of the occipital crest. Near the point of 
union of the two rami are two deep notches for the quadrate and 
quadratojugal. In other described chiniquodonts, these notches 
are visible only ventrally; here, they are open dorsally as well, 
making the quadrate even freer than is usual in cynodonts. The 








6 


BREVIORA 


No. 344 



Fig. 4. External, internal, and ventral views of the region of the jaw 
articulation of Probainognathus; a, articular; an, angular; c, incipient 
“glenoid fossa” on squamosal; cond, occipital condyle; ep, epipterygoid; j, 
jugal; //, jugular foramen; per , periotic; pra, prearticular; q, quadrate; san, 
surangular; sq , squamosal; st, stapes. 


quadrate (with which a small quadratojugal is united), is inserted 
in these two notches; it is, in our specimens, always loosened and 
pulled anteriorly somewhat out of position, and has been lost in a 
number of cases. The articular face of the quadrate is convex; 
that of the quadratojugal is concave, apparently for reception of the 
projecting posterior end of the surangular. Just anterior and dor¬ 
sal to the quadrate is the lower end of the pronounced ventral 
flange of the zygomatic ramus of the squamosal. On its inner sur¬ 
face, close to the anterior end of the notch for the quadratojugal, 
there is a shallow but well-outlined oval socket, obviously for an 
additional area of lower jaw articulation. The nature of this 
articulation is discussed below. 

The anterior portion of the braincase proper has not been ex¬ 
plored. (I hope at a later date to serial-section a skull of this 
form.) There is, as in cynodonts generally (Fig. 5), a large area 










1970 


PROBAINOGNATHUS JENSENI 


7 


opposite the orbit in which the braincase wall is unossified. Pos¬ 
terior to this, as in other advanced cynodonts, there is an expanded 
epipterygoid which, ventrally, sends an extension back to a quad¬ 
rate contact. As noted earlier, the parietals are somewhat greater 
in vertical extent than in Probelesodon, and slightly more expanded 
transversely. The basicranial and periotic regions are quite similar 
to those seen in Probelesodon. However, in several specimens the 
outer end of the paroccipital process is incompletely ossified, leaving 
a gap of somewhat variable shape and proportions between the 
process and the buttress formed laterally to it by the squamosal. 



Fig. 5. Occipital view of the Probainognathus skull. 


On the occiput (Fig. 5), the unusual posterior extent of the 
sagittal crest has resulted in the upper part of the occipital face of 
the skull being rather more concave than in Probelesodon. Sutures 
between tabulars and postparietal with the fused occipital elements 
are difficult to determine. The posttemporal fenestrae are small. 



Fig. 6. Lateral view of the braincase region of Probainognathus ; the 
zygomatic arch removed. 
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The lower jaw (Figs. 7-8) is, in general, quite similar to that 
described for Probelesodon. The dentary is very large. There is a 
high coronoid process, thickened along its anterior margin, which 
rises, in the position of jaw occlusion, nearly to the level of the 
sagittal crest and curves backward above nearly to the level of the 
jaw articulation. From the tip of this process, the posterior margin 
of the dentary curves forward and downward to extend posteriorly 
toward the articular area. This posterior projection of the dentary 
is little thickened, and there is no expansion in the form of a con¬ 
dyle. This process is incompletely preserved in most specimens, 
and the relation of the dentary to the other jaw bones posteriorly is 
frequently obscure, in the better preserved specimens, however, it 
seems clear that this posterior process was applied to the dorso¬ 
lateral surface of the surangular, terminating just short of the pos¬ 
terior articular expansion of the latter bone. From its relative 
position, it is clear that the terminus of the dentary, together with 
the surangular, fitted into the shallow cavity on the squamosal 
external to it, and that we have here the first step in the develop¬ 
ment of the future mammalian squamosal-dentary jaw articulation. 



Fig. 7. Lateral view of the jaw of Probainognathus. 

The jaw symphysis, formed almost entirely by the dentary, is a 
broadly fused one. Behind the symphysis the lower margin of the 
dentary extends backward in a nearly straight line to a sharply 
marked angle. This lower dentary margin is considerably thick¬ 
ened, with a rounded ventral margin. From the angle, the pos¬ 
terior margin turns nearly vertically upward and then curves back¬ 
ward, leaving the posterior part of the angular and, to some degree, 
the surangular exposed externally below it. About opposite the 
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posterior end of the tooth-row the dentary develops on its inner 
surface a horizontal ridge which extends back to the posterior end 
of the bone; below this thickened ridge is a lengthwise excavation 
in which is lodged the longitudinal “rod” of conjoined bones which 
support the articular. 



Fig. 8. Medial view of the jaw of Probainognathus. 


The splenial is a long, but thin and slender, element. At its 
anterior end it takes a small part in the jaw symphysis; it is gen¬ 
erally imperfectly preserved, but appears to continue backward, 
below the anterior end of the angular, to terminate at a point above 
the angle of the dentary. In other chiniquodontid genera I have 
found no trace of a coronoid bone, although it surely existed in 
vestigial form as a thin internal flake of bone. In Probainognathus, 
as well, it is absent in most instances. In one specimen, however, 
the bone is present, but is imperfectly seen (the jaws are in tight 
occlusion), and I am not sure of its precise outline. As in cyno- 
donts generally, its function seems to be the provision of a surface 
(presumably covered with stout epithelium) to play against the 
ventral process of the pterygoid during jaw movement. 

Disregarding for the moment the incipient dentary-squamosal 
contact, articulation with the skull is mediated by a moderately ex¬ 
panded area at the posterior tip of the jaw, which is convex dor- 
sally where it fits into the concavity of the quadratojugal, somewhat 
concave ventrally to meet the quadrate proper. The lower portion 
of this articular area is presumably formed by the articular bone. 
Despite the absence of a suture, it is probable that the upper part of 
the articulation is formed by the posterior end of the surangular, 
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thus continuing to this advanced stage the quadratojugal-surangular 
articulation seen in various more primitive reptiles, and even in 
labyrinthodonts. 

The functioning of this relatively small articular structure as a 
jaw support would be impossible were it not firmly bound to the 
“rod” of bone mentioned above, which runs forward more than 
half the jaw length in the longitudinal recess in the dentary. This 
structure consists of angular, surangular, and prearticular, all ap¬ 
parently firmly joined together and, in the case of surangular and 
prearticular, united without suture to the articular. The reflected 
flange of the angular, already small in other advanced cynodonts, is 
here reduced to a tiny process preserved in only one specimen; it 
lies far forward of the articular region, above the angle of the 
dentary. 

As in other chiniquodontids, there are four upper and three 
lower incisors in each ramus; these are slender, and subcircular in 
section. The upper incisors are essentially vertical in position; the 
lowers are mildly procumbent. Canines are moderately developed; 
as preserved they are nearly straight, not sharply tipped, and are 
relatively broader anteroposteriorly than in transverse section. 
There are seven cheek teeth (Fig. 9) above and below in all well- 
preserved specimens. Their pattern appears to be that common in 
all carnivorous cynodonts — thin from side to side, but elongate 

dXXncn oXLoaa 
CP^Choa OOqcl 

Fig. 9. Cheek teeth (shown as of the left side) as preserved in various 
specimens of Probainognatlms. First four rows, upper teeth; bottom row, 
lower teeth, X2Vi. 
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antcroposteriorly, with a prominent cusp at about midlength and 
two or three accessory cusps anterior and posterior to it. Since in 
most cases the lower jaws, when preserved, are in occlusion, little 
can be seen of the lower cheek teeth but, as far as can be observed, 
they appear to be similar to the uppers. A number of cheek denti¬ 
tions are shown in Figure 9. It appears probable that in all cheek 
teeth there is, as usual in cynodonts, an accessory cusp both anter¬ 
ior and posterior to the principal one; in addition, however, there 
appears to have been a second posterior cusp in most cases. How¬ 
ever, accurate description of the cusp pattern is made difficult be¬ 
cause of a condition unusual in cynodonts. In most specimens, the 
teeth show evidence of heavy wear, leaving the tooth with a chisel¬ 
like distal shearing edge. Mr. Vincent Maglio has kindly X-rayed 
the upper cheek-tooth region in one specimen. As is the case, 
where known, in other cynodonts, all the teeth are persistently 
single-rooted. I have made no attempt to study tooth succession. 

DISCUSSION 

Probainognathus is obviously a member of the family Chiniquo- 
dontidae, resembling the other described members of this Middle 
Triassic group — Chiniquodon, Belesodcm, Probelesodon — in 
major cranial characters. As I have recently pointed out (Romer, 
1969a), the chiniquodontids are quite generalized cynodonts, read¬ 
ily derivable from the thrinaxodontids of the early Triassic, but 
more advanced in certain features. Most notable of these is the 
high development of the secondary palate to an essentially mam¬ 
malian stage, this structure extending back to the level of the pos¬ 
terior end of the maxillary tooth-row, with a considerable involve¬ 
ment of the palatine. Further, as I have commented in discussion 
of Probelesodon, the dentary in chiniquodontids, in general, extends 
backward to such a degree that it must have been functionally 
involved in jaw articulation, although in previously described 
genera there was no contact of this bone with the squamosal. 

Probainognathus differs from the contemporary Probelesodon in 
certain regards. It is much smaller in size. The cheek tooth-row 
is shorter (and, in correlation, the involvement of the palatine bone 
in the formation of the secondary palate is less). In the dentition, 
the “molars” tend to develop a fourth posterior member of the 
linear series of cusps. Uniquely, there is a strong trend for the 
wearing down of the cheek teeth to a chisel edge, with obliteration 
of the cusps. 
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Most important of differences, however, in Probainognathus is 
the development of a definite, if slight, articulation of dentary with 
squamosal. As described above, the latter bone curved very sharply 
downward over the region of the jaw articulation, and on its inner 
surface here shows a shallow but definitely outlined cup for articu¬ 
lation with the posterior end of the dentary. There is no develop¬ 
ment of a condyle of mammalian type on the dentary; the articular 
surface is merely the flat outer surface of the slender posterior ex¬ 
tremity of the bone, slightly thickened in a ridge above the bar of 
bone (angular and surangular and prearticular) which braces the 
articular anteriorly. This dentary process would be too weak to be 
of functional significance were it not closely applied and supported 
by the underlying surangular. 

In advanced therapsids generally, we see stages in which the 
dentary has increased to become the major jaw element, carrying 
not merely the dentition but also most of the jaw musculature. 
The jaw is, however, inefficient in that the dentary itself takes no 
part in articulation with the skull, and must rely on reduced pos¬ 
terior elements of the jaw to connect the dentary with the articular 
which, in turn, is connected with the major skull structure only 
through the feeble quadrate. An improved connection between 
dentary and skull would be highly desirable. Dr. A. W. Crompton 
has pointed out to me a primitive “essay” toward remedying this 
situation. In Trirhachodon (in which the dentary does not reach 
as far back as in chiniquodontids) there is a distinctive boss on the 
ventral border of the squamosal in the region of the jaw articula¬ 
tion. This lies close to the posterodorsal margin of the surangular 
(here still a fairly stout bone), thus supplementing the rather feeble 
articular-quadrate jaw joint (Crompton, 1963). A similar squa¬ 
mosal boss is present in the traversodont Massetognathus, and 
presumably performs a similar strengthening function. In the long 
run, however, the type of shift in the articulation initiated in Pro- 
bainognathus was to be of much greater phylogenetic importance. 

Most diagnostic criteria by which reptiles and mammals may be 
contrasted have to do with matters of function, or of “soft anat¬ 
omy.” One major osteological differentiation, useful to the pale¬ 
ontologist, has to do with jaw articulation. In reptiles, the joint 
lies between quadrate and articular; in mammals, a new joint has 
developed between squamosal and dentary, with subsequent loss 
from the lower jaw of the half-dozen elements (apart from the 
dentary) which were primitively present — some lost entirely, 
others incorporated into the middle ear. 
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Until recent years the reptile-mammal contrast in jaw articula¬ 
tion was clear-cut paleontologically. Early Mesozoic mammals 
are, for the most part, very inadequately known; but, in many 
cases, lower jaws are present in which the dentary bears a condyle 
indicating the presence of a squamosal-dentary articulation. And 
while, on the reptilian side of the picture, dentary and squamosal 
may closely approach one another, no actual contact between the 
two has previously been reported in cynodonts — the group from 
which most, if not all, mammals appear to have originated. 

In the last dozen years or so the situation had become somewhat 
clouded. In some early mammals certain of the “supernumerary” 
jaw elements appear to have survived in reduced fashion, and in at 
least some early forms, notably docodontids, a quadrate-articular 
connection persisted accessory to a major squamosal-dentary joint 
(Kermack and Mussett, 1958a,b; Kermack, 1965). Crompton 
(1958, 1963) described, as Diarthrognathus a small late Triassic 
form of uncertain phylogenetic position (probably an aberrant off¬ 
shoot from primitive cynodonts) which surely has nothing to do 
with mammal origins, but has paralleled the mammals in having 
acquired a contact of squamosal and dentary. 

These discoveries resulted in a plethora of literature concerning 
the origin, nature, and systematics of the Mammalia which I need 
not discuss in detail. Currently, ideas of polyphyletic origins of 
groups are highly fashionable. In early mammals, dentitions and 
dentary bones (which generally are all the material available) show 
considerable variation, and it has been suggested that mammals 
took origin from reptiles in anywhere from four to (improbably) 
nine discrete lines (Simpson, 1959). Under such hypotheses the 
class Mammalia is not a natural assemblage — “a grade, not a 
clade” — and if it is attempted to restore phyletic unity to the group, 
it might be necessary either to restrict the class to the higher mam¬ 
mals, the Theria, whose unity not even the most ardent of poly¬ 
phyletic advocates have (as yet) questioned, or, at the other ex¬ 
treme, to extend the term Mammalia downward to include part or 
all of the Therapsida, or even the entire subclass Synapsida. 

I see no reason to adopt either of these extremes and, further, am 
skeptical as to whether any major degree of polyphyly is involved 
in mammal origin. It is axiomatic that if all stages in the evolution 
of one group from another were known, it would be impossible to 
make a definitive separation between the two. In attempting to 
draw a line between reptiles and mammals, all the changes in¬ 
volved should be considered, rather than using a single feature as 
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arbitrarily definitive. If, for example, vve were to define a mammal 
(as frequently advocated) as a form in which an articulation be¬ 
tween squamosal and dentary had been attained, Probainognathus 
would be, necessarily, separated from its obvious close relatives in 
the family Chiniquodontidae and removed, not merely to another 
family or order, but to an entirely different class of vertebrates! 
This would be absurd. The reptile-mammal boundary should be 
established not on a single character, but on a consideration of the 
sum total of the features by which a fully developed mammalian 
type is distinguished from its reptilian forebears (Simpson, 1959; 
Romer, 1965). Far more important than initiation of a shift in 
jaw articulation are changes in: cheek-tooth succession (and 
roots); the auditory region; and, most especially, growth of the 
brain to mammalian pattern and size, with concomitant reorgani¬ 
zation of braincase structure. If (as one may hope) adequate 
knowledge of cynodonts and primitive mammals of the late Tri- 
assic presently becomes available, the next generation of research 
workers will surely be troubled in establishing a boundary; happily 
for us today, the gaps in our knowledge are such that we can main¬ 
tain the position that all well-known therapsids lie definitely below 
a proper point of class cleavage. 

As said above, I see little reason to believe that there has been 
any great degree of polyphyly in mammalian origins (except pos¬ 
sibly in the case of a few groups in which dental evidence is 
obscure: monotremes, multituberculates, and the problematical 
little haramyids). If we survey the Reptilia for mammal ancestors 
it seems clear that these ancestors lie among the theriodont therap¬ 
sids. Further, as far as our present rather considerable knowledge 
of theriodonts goes, it is only to the carnivorous Cynodontia that 
we can turn with confidence for mammalian forebears. Among 
the Mesozoic mammals, we find interesting differences in cusp 
patterns in the cheek teeth and in the presence or absence of an 
angle on the dentary; but there is, as yet, nothing known of these 
groups which would debar derivation of most if not all of them 
from typical cynodonts with an enlarged dentary and cheek teeth 
with a simple fore-and-aft pattern of cusps. We need not claim 
that all mammals have descended from a single species of advanced 
cynodont; but there need not, I think, have been any notable de¬ 
gree of polyphyly concerned. 

Cynodont cranial-structure has often been compared, with profit, 
with that of mammals. Such comparisons have been based, of 
necessity, on the structure of Lower Triassic cynodonts, in default 
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of any adequate knowledge of later types. With accumulating 
knowledge of the Middle Triassic family Chiniquodontidac, such 
comparisons may now be made starting from a somewhat more 
advanced cynodont level. A major difficulty in any study of this 
sort lies in the fact that because of our inadequate knowledge of 
cranial structure of early mammals, our comparisons are in gen¬ 
eral made, compulsorily, with advanced therian types. We are 
now aware that many early mammals still retained traces of the 
reptilian pattern in jaw structure, and the same was surely true of 
the skull as well. It is to be hoped that work on Triassic mammal 
material now in hand, but not as yet described, will yield data of 
interest in transitional features. 

Surely the greatest advance made by mammals over their reptil¬ 
ian ancestors lies in the reorganization and enlargement of the 
brain, with a necessarily concomitant restructuring of the brain 
cavity. Some degree of change in this area appears to have been 
occurring among cynodonts, as is seen in the olfactory bulb-turbi- 
nal arrangement in Dicidemodon and NytJiosaurus (Watson, 1913). 
But even in chiniquodontids there is little evidence of advance in 
brain size. As in other cynodonts, the endocranial cavity was still 
small. The epipterygoid is already expanded as an alisphenoid, but 
the involvement, as seen in therian mammals, of orbitosphenoid and 
frontal in the sheathing of the expanded brain, was still to come. 
It is reasonable to believe that mammalian brain evolution pro¬ 
gressed slowly during the course of the Mesozoic, and when ade¬ 
quate material becomes available one may expect that mammals of 
the late Triassic (and even Jurassic) may show a brain much less 
expanded, and perhaps less perfectly ensheathed in bone than in 
Cretaceous and later therians (Simpson, 1927). 

The otic region is one in which change has been initiated in 
chiniquodontids, but is far from completed. It is reasonable to 
believe that the eardrum lay close to the region of the jaw articula¬ 
tion in cynodonts (Parrington, 1955). The stapes is in proper 
position and, presumably, in contact with the quadrate. This ele¬ 
ment (with the conjoined vestige of the quadratojugal) is already 
small in size and (as shown by its frequent loss in specimens) is but 
loosely socketed in the squamosal, and seems readily available for 
transformation into an incus once the shift in the jaw joint had 
occurred. The articular, as the future malleus, is also small in 
size and, of course, in proper articulation with the “incus,” i.e., 
quadrate. Here, however, a considerable change must be made to 
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reach mammalian conditions, for closely connected with the articu¬ 
lar is a bar of bone formed by prearticular, surangular, and angular 
(without which the cynodont articular would be ineffective in jaw 
articulation). This structure could not be reduced until the new 
dentary-squamosal joint was well established. As the evidence of 
marsupials and early placentals shows, construction of an auditory 
bulla for ossicle protection and tympanum support was a late and 
variable development. There is a puzzling point here. The ento- 
tympanic is a mammalian neomorph, but the Y-shaped embryonic 
tympanic bone of marsupials has been not unreasonably compared 
with the reptilian angular, one branch of the Y thought comparable 
to the reflected lamina of the therapsid angular (Watson, 1951, fig. 
67, etc.). However, in advanced cynodonts this lamina has been 
reduced almost to the vanishing point and lies far forward from the 
presumed position of the eardrum. 

The replacement of the old jaw articulation by the new has al¬ 
ways been assumed to have been a gradual process rather than a 
“great leap forward,” and the condition in Probainognathus is in 
agreement with this assumption. In advanced cynodonts generally, 
and in chiniquodontids especially, the dentary has enlarged to as¬ 
sume much of its future mammalian size and pattern; and, as I 
have earlier noted (Romer, 1969b), in chiniquodontids generally, 
it is so close to the squamosal near the region of the reptilian artic¬ 
ulation that it was surely a functional element in jaw suspension. 
In Probainognathus, actual articulation is initiated; further de¬ 
velopment of a glenoid socket and expansion of the posterior tip of 
the dentary to condylar form during the early stages of mammalian 
development can be readily envisaged. 

In still other regards than those mentioned, the chiniquodontid 
skull can be rather closely compared with that of a generalized 
mammal. A number of changes in dermal bone pattern are 
needed to attain advanced, therian, mammalian structure; it is to be 
expected that certain reptilian features were retained in the skull of 
early mammals. In the narial region the ascending internarial 
processes of the premaxillae (already very slender in Probainogna- 
thiis) disappear in mammals while, on the other hand, the pre¬ 
maxillae push upward back of the nares, with elimination of the 
septomaxillae. The maxilla, already enlarged in cynodonts, pushes 
farther backward and upward, with reduction of its neighbors and 
elimination of the prefrontal. The postorbital bar, already slender 
in chiniquodontids, disappears with elimination of the postorbital 
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element. The parietal foramen, much reduced in cynodonts gen¬ 
erally, has disappeared in chiniquodontids. In this family the sagit¬ 
tal and occipital crests already have the mammalian pattern, as 
does the occiput. The condyles are of the double, mammalian 
type; the four occipital elements are already fused in mammalian 
fashion, and the postparietal and tabulars, which have united with 
the occipital bone in mammals, are at least partially fused with it in 
chiniquodonts. In the palatal surface, the anterior region is already 
close to the mammalian condition in chiniquodontids. The sec¬ 
ondary palate is already developed to mammalian status. Further 
palatal changes required are: elimination of the ectopterygoid, 
already quite small in chiniquodontids; reduction of the extent of 
the pterygoid posteriorly; and reduction (with elimination of the 
quadrate-articular jaw joint) of the posterior extension of the 
epipterygoid toward the articular region. 

In sum, apart from expansion and elaboration of the brain cap¬ 
sule and changes (already initiated in chiniquodontids) in the 
auditory and jaw joint region, modifications needed to transform 
a chiniquodontid skull into that of a primitive mammal are not 
too numerous and not of major magnitude. I see nothing in the 
structural pattern of such a form as P rob ainognat hits which need 
debar it from a position directly antecedent to a primitive mammal. 
At present, chiniquodontids are known only from South America, 
but it is not improbable that they will be found in the future to 
have a wider distribution. It is not unreasonable to believe that in 
this family we have a group of direct mammalian ancestors. 
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